With supine exercise, blood pressure and heart rate rose similarly in controls and patients with IPD and there was no fall in blood pressure on standing after exercise. In both SDS groups there were abnormal responses to exercise: blood pressure fell in SDS-C, but did not fall or rise in SDS-P. Heart rate increased similarly in both SDS groups, calculated systemic vascular resistance fell similarly, but cardiac index rose more in SDS-P than SDS-C. Resting plasma noradrenaline concentrations were subnormal in both forms of SDS, and did not increase with exercise. Postural hypotension was enhanced after exercise to the same extent in SDS-C and SDS-P. Conclusions-The greater cardiovascular abnormalities in response to exercise in SDS-C suggests that cerebellar or brain stem autonomic pathways are impaired to a greater extent in SDS-C than in SDS-P. Pooling SDS subgroups, therefore, may obscure pathophysiological differences to certain stimuli. Clinically when postural hypotension is being assessed, separation of the subgroups may not be essential, as they responded similarly.
Supine exercise in central autonomic failure due to Shy-Drager syndrome (SDS) and peripheral autonomic failure due to pure autonomic failure (PAF) cause a pronounced fall in blood pressure'-3 and an increase in postural hypotension after exercise.4 In these studies the patients with SDS (defined as primary autonomic failure with additional neurological features of unknown aetiology, and similar to multiple system atrophy with autonomic failure) were pooled and the different clinical subgroups were not assessed separately. Clinically these consist of the cerebellar form with or without pyramidal features (SDS-C), a parkinsonian form (SDS-P), and a mixed form with a combination of these features (SDS-M).5 Studies in other disorders with autonomic failure (familial amyloidosis, dopamine fl-hydroxylase deficiency, and diabetes mellitus)4 6 indicate differences in responses to exercise.
As exercise may unmask differences within the subgroups which are of pathophysiological relevance we studied the blood pressure responses to supine exercise in two distinct clinical subgroups, one with cerebellar manifestations (SDS-C) and the other with parkinsonian features (SDS-P). Haemodynamic and plasma catecholamine measurements were made to determine the mechanisms for possible differences, if present. The blood pressure response to standing before and after exercise was also measured, as this is of importance in the clinical setting in diagnosis, evaluation of progression, and the response to treatment. Comparisons were made with patients with idiopathic Parkinson's disease (IPD) having a similar degree of motor disability and with normal subjects (controls) having normal autonomic ftunction.
Patients and methods

PATIENTS
Twenty five patients with Shy-Drager syndrome were studied. All patients with SDS had clinically significant autonomic involvement, including sympathetic vasoconstrictor failure with a systolic blood pressure fall of more than 20 mm Hg and cardiac parasympathetic impairment on physiological testing (table).7 They were divided into two clinical subgroups on the basis of their additional neurological features; those with cerebellar features were grouped as SDS-C (14 patients, nine men, mean age 59, range 41 to 74 years) and those with parkinsonian features were classified as SDS-P (11 patients, 11 men, mean age 62, range 44 to 76 years). Patients with mixed neurological features (SDS-M) were excluded from this study. The disease was of similar duration in the two groups (mean 3-9 (range 1-10) years in SDS-C and Summary ofphysiological testing in normal subjects (controls), patients with idiopathic Parkinson's disease (IPD) and patients with Shy-Drager syndrome with cerebellar (SDS-C) or parkinsonian (SDS-P) forms 
METHODS
All studies were performed at 0900 hours in a temperature controlled clinical laboratory (average temperature 24 ± 2°C) after an overnight fast. All medication was stopped at least 72 hours before the study, except for low dose fludrocortisone in the patients with SDS, with the last dose taken the previous night. None of the patients were on antiparkinsonian medication. The patients with IPD had never had levodopa. The patients with SDS-P had not had levodopa within the previous two months. A cannula (venflon) was inserted into a vein in the antecubital fossa for blood sampling. Blood pressure and heart rate were recorded, with the arm held stationary at the side of the body, using an automated sphygmomanometer (Dinamap), which was calibrated against a mercury sphygmomanometer. Blood pressure readings with this machine have been validated against intra-arterial recordings.'0 After 30 minutes of supine rest, the degree of postural hypotension was measured after two and five minutes of standing. After a further 30 minutes of rest, the subjects exercised in the supine position by pedalling a cycle ergometer at workloads of 25, 50, and 75 W, each for three minutes. The workload was strictly adhered to, to ensure a comparable degree of exercise between the different groups. Measurements were made at the end of each stage of exercise and continued for a further 10 minutes after exercise while supine. The degree of postural hypotension was then reassessed after exercise. The following additional measurements were made in the supine position at rest, at the end of each stage of exercise, and after exercise for 10 minutes: cardiac index (CI), as a measure of cardiac output, was calculated by multiplying stroke distance (SD) by heart rate; SD was derived from the integral of peak velocity profile of (min) observation. This technique has been validated as a measure of cardiac output at rest'1 and with exercise'2 and has been used previously with supine exercise.'314 Mean arterial blood pressure (MAP) was calculated from the diastolic blood pressure (DBP) + 1/3 of the pulse pressure, and index of systemic vascular resistance (SVR) was calculated from MAP/CL. At three, six, and nine minutes of exercise and 10 minutes after exercise, venous blood was collected into heparinised tubes with added 1,2-di-(2-aminoethoxy)-ethane- With exercise, there was a similar increase in blood pressure in controls (by 35(4)/17(3) mm Hg at the end of nine minutes of exercise, each P < 00001), and IPD (by 35(6)/14(4) mm Hg, P < 0-001 and P < 001); blood pressure fell in SDS-C (by 15(6)/11(3) mmHg, P < 0 05 and P < 0-0 1), with no change in SDS-P (5(6)/ 2(5) mm Hg, NS; fig 2) . In the controls and patients with IPD, supine blood pressure had returned to resting values by five minutes after exercise. In patients with SDS-C, supine blood pressure was still lower 10 minutes after exercise (139(5)/84(4) mm Hg) than at rest (148(5)/89(3) mm Hg, P < 0 05 and NS). In patients with SDS-P, supine blood pressure remained unchanged after exercise.
On standing, there was no fall in postural blood pressure in controls and patients with IPD either before or after exercise. In SDS, blood pressure fell to a lower value on standing after exercise than before exercise both in SDS-C (108(4)/68(4) mm Hg before and 94(6)/61(5) mm Hg after, each P < 0.01) and SDS-P (102(9)/68(5) mm Hg before and 92(9)/60(5) mm Hg after, each P < 0'05; fig 1) . HEART 
RATE
Resting heart rate was similar between controls (69(2)) and IPD (73(6)), SDS-C (68(3)), and SDS-P groups (71(3)). With exercise, there was a similar rise in heart rate in controls (41(3)) and IPD (40(5)), with a smaller rise in SDS-C (20(2)) and SDS-P (21(2), ANOVA P < 0.001; fig 2) . After exercise, heart rate rapidly decreased, but was still above resting values 10 minutes after exercise in all groups. On standing, heart rate increased in all groups, and the increase was marginally higher on standing after than before exercise in all groups. STROKE (fig 3) . With exercise, SD did not change in controls (0(5)%, NS) or IPD (6(16)%, NS), but increased in SDS-C (14(7)%, P < 0 05) and SDS-P (26(8)%, P < 0-01); the increase in SDS-C and SDS-P was greater than in controls and was higher in SDS-P than in SDS-C (each P < 0-05). With exercise, CI increased to the same degree in controls (64(10)%), IPD (70(23)%), SDS-C (50(120%), and SDS-P (61(11)%); in SDS-C the mean level was lower than SDS-P but this difference was not significant. After exercise, CI rapidly returned towards baseline in controls, SDS-C, and SDS-P, but both SD and CI remained raised for longer after exercise in
IPD.
With exercise, calculated SVR fell to the same degree in controls (by 22(4)%) and IPD (by 21(13)%), but was greater in SDS-C (by 36(5)%, P < 0.05) and SDS-P (by 37(3)%, P < 0.01).
PLASMA CATECHOLAMINES
Resting venous plasma noradrenaline concentration was similar in controls (313(43) pg/ml) and IPD (301(86) pg/ml), but lower in SDS-C (207(38) pg/ml, P < 0 05) and SDS-P (201(39) pg/ml, P < 0 05). With exercise, plasma noradrenaline concentration increased in controls (to 502(65) pg/ml, p < 0.001), with a similar increase in IPD (to 526(226) pg/ml, P < 0-05). There was a smaller increase in SDS-C (to 252(35) pg/ml, P < 0-005) and SDS-P (to 231(59) pg/ml, P < 0.005). Resting venous plasma adrenaline concentrations were not significantly different between controls (30(6) pg/ml), IPD (48(10) pg/ml) and SDS-P (20(5) pg/ml), with unrecordable concentrations in all but two of the patients with SDS-C; there was no significant change with exercise in any group.
Venous plasma dopamine was below detectable concentrations (< 20 pg/ml) before and at the end of exercise in most controls and patients with IPD, SDS-C, or SDS-P.
Discussion
In a previous study in primary autonomic failure there were small differences in the haemodynamic responses to supine exercise in patients with SDS and patients with pure autonomic failure,' and both had a larger fall in blood pressure on standing after exercise.4 It was initially assumed that the cardiovascular responses to exercise and to standing after exercise were similar in autonomic failure of different aetiologies, but this was not the experience in further studies. In autonomic failure due to familial amyloid polyneuropathy and in selective sympathetic failure due to dopamine fl-hydroxylase deficiency, blood pressure remained unchanged with exercise. Unlike normal subjects it did not rise, but neither did it fall as in patients with PAF or SDS; however, in both there was an increase in postural hypotension on standing after exercise.46 The responses in diabetic autonomic neuropathy varied further, with neither supine hypotension nor an enhancement of postural hypotension after exercise (unpublished data). Various explanations have been suggested to account for the different cardiovascular responses in autonomic failure of varying aetiologies, ranging from the site of the lesion and degree of autonomic impairment to direct involvement of target organs. An important factor is likely to be the site of the autonomic lesion and the ability to recruit compensatory mechanisms.3 Many patients with SDS, especially in the early stages, have neurological signs consistent with a lesion affecting either the cerebellar or striatonigral pathways. In a previous series from this unit, at diagnosis 20% had the cerebellar, 30% had the parkinsonian, and the rest had the mixed form, with a combination of these neurological features.5 The patients with SDS-C, who are likely to have the histological features of olivopontocerebellar atrophy, are more likely to have a greater degree of cardiovascular dysfunction, because these regions are closely concerned with cardiovascular autonomic control. We studied two clear clinical subgroups of SDS to detect differences unmasked by exercise and subsequent postural change. We recognise that SDS is a progressive disorder, that there may be subclinical central involvement of other systems even in the distinct SDS-P or SDS-C forms, and that in due course many patients develop a combination of neurological features. In a recent postmortem study in multiple system atrophy (many patients of whom had autonomic failure and thus were similar to the patients we describe with SDS), histological evidence of cerebellar pathology was found even in those with only parkinsonian features.8 This also may have occurred in our patients with SDS-P, although it was likely that they had less advanced disease than those reported postmortem.
We studied patients with IPD without autonomic failure as a further "control" group, as they had similar motor deficits to patients with SDS-P. The haemodynamic responses to exercise and standing after exercise in patients with IPD were similar to those in normal subjects. Autonomic failure, however, may complicate IPD, and these results may not be applicable to IPD in general as in the later stages, especially with the added affect of antiparkinsonian drugs, the responses to exercise may be affected.
In SDS-C, supine exercise resulted in a fall in both systolic and diastolic blood pressure, with a slow recovery to baseline after exercise. By contrast, in patients with SDS-P there was no change in blood pressure either during or after exercise. The lack of fall in blood pressure with exercise in SDS-P warrants explanation. Both patients with SDS-C and those with SDS-P had a similar degree of autonomic failure as based on the degree of postural hypotension and on routine autonomic testing. The patients with SDS-P had bradykinesia, but the degree of exercise was closely supervised to ensure equivalent workloads and excluded less physical exertion. The heart rate response was identical in the two groups, but there was a larger increase in stroke volume in patients with SDS-P. In patients with SDS-C, the fall in blood pressure was similar to the response found in patients with PAF,3 in whom the blood pressure fall is probably caused by vasodilatation in exercising skeletal muscle, without adequate compensatory vasoconstriction in other vascular regions. It was unlikely that in patients with SDS-P there was a greater activation of compensatory vasoconstrictor pathways, as there was a similar fall in systemic vascular resistance and a similar rise in concentration of noradrenaline as in patients with SDS-C. In patients with SDS-P, however, the greater increase in stroke volume which resulted in levels of cardiac output similar to controls, may have buffered and prevented the fall in blood pressure. Speculation on the reasons for the differences include the site of the lesion, which is more rostral in SDS-P and may have spared the central pathways involved in this response. In SDS-C, the differences may have been magnified because of disruption of cerebellar centres involved in cardiovascular control. Animal studies implicate the uvula of the posterior cerebellar vermis in the autonomic control of cardiovascular activity'6 and studies in cats suggest that cerebellar activity augments sympathetic output and inhibits parasympathetic output.'7 Also, brainstem structures are more likely to have been affected in SDS-C. Brainstem regions such as the rostroventrolateral medulla, and the nucleus tractus solitari, among others, are known to be involved closely in cardiovascular control. '8 19 Although there were clear differences in the supine blood pressure responses to exercise, the postural blood pressure response to standing after exercise was enhanced similarly in SDS-C and SDS-P. Peripheral vasoconstriction, which is largely dependent on the sympathetic outflow, is probably of greater importance than cardiac changes in responding to gravitational change. As vascular resistance was similarly affected with exercise in SDS-C and SDS-P, this may account for why blood pressure fell to the same extent with standing after exercise in both groups.
In conclusion, this study indicates that varying stimuli, in this case exercise and head up postural change, result in different responses in two subgroups (SDS-C and SDS-P) of the same disorder, despite their having a similar degree of postural hypotension. This is likely to be explained by differences in the site of the lesion. Definition of the neurological features in addition to the autonomic deficits, and separation of the clinical subgroups, is likely to be important when determining cardiovascular autonomic responses to certain physiological stimuli. Of clinical relevance, however, was the postural fall in blood pressure after exercise, which was enhanced to a similar degree in both groups, despite the different supine blood pressure response. 
